Background: The patient prognosis after complete resection for pathologic stage IIIA(N2) non-small cell lung cancer (NSCLC) remains a significant concern. The clinical relevance of the host immune response to NSCLC has yet to be established. We aimed to investigate the prognostic value of tumor-infiltrating lymphocytes (TILs) in a uniform cohort of patients with completely resected stage IIIA(N2) NSCLC.
INTRODUCTION
Stage IIIA(N2) non-small cell lung cancer (NSCLC) consists a heterogeneous group of patients with distinct clinical subsets that can be classified as follows:1) stage IIIA-1/IIIA-2, incidental mediastinal nodal involvement, found either intraoperatively in a single station or in the final pathological examination of the surgical specimen; 2) stage IIIA-3, clinical single station or multistation N2 node(s) involvement documented by computed tomography (CT) and/or positron emission tomography (PET)/CT imaging; and 3) stage IIIA-4, bulky or fixed cN2 involvement identified at imaging [1] . The international guidelines recommend that patients with occult-positive N2 nodes that are discovered at the time of pulmonary resection should continue with the planned resection along with formal mediastinal lymph node dissection and that patients with minimal N2 disease could be considered for a multimodality approach that includes surgical resection [1] [2] [3] . In our study, we evaluated patients with occult N2 identified after complete resection (IIIA-1, IIIA-2) and minimal N2 disease identified by CT or PET/CT imaging (IIIA-3). Determination of the role of surgery in a patient with minimal N2 disease was made, prior to the initiation of any therapy, by a multidisciplinary team in our institution. Complete surgical resection is still considered the initial treatment option in our country for most patients with occult or minimal N2 lesions that are determined to be resectable by a multidisciplinary team.
The patient prognosis after complete resection for pathologic stage IIIA(N2) NSCLC remains a significant concern; the 5-year overall survival (OS) rates range from 10% to 30% [4] . Postoperative chemotherapy (POCT) has a modest, but statistically significant, survival benefit for patients with resected NSCLC (absolute improvement in survival of 4% at 5 years) [5] . The postoperative radiotherapy (PORT) meta-analysis [6] described a relative increase in the risk of death with the addition of PORT for completely resected NSCLC. This detrimental effect was evident among patients who had no mediastinal involvement, whereas in patients with stage III and pN2 disease, a slight increase in survival was detected, although the difference was not statistically significant. Growing evidence suggests that PORT that is administered using the modern technique has a favorable effect on the survival of patients with completely resected pN2 disease [7] [8] [9] [10] [11] [12] [13] . A large multi-institutional randomized trial evaluating PORT (Lung ART) in this patient population is now under way [14] . Our group has studied the value of PORT and the PORT clinical target volume design for completely resected pathologic stage IIIA(N2) NSCLC [15, 16] . Based on our results, patients with completely resected stage IIIA(N2) NSCLC had a 5-year OS rate of 32.8%; and even after complete resection and POCT, a significant proportion of these patients developed distant metastasis [15, 16] . These findings provided the impetus for identifying patients who are at high risk of recurrence and exploring novel therapeutic approaches for improving patient survival.
There is growing recognition that tumor progression does not simply depend upon its intrinsic behavior but rather involves a complex interaction between the tumor and host antitumor immunity [17, 18] . The effect of the host immune response on tumors has been demonstrated by analyses of in situ immune components [19] . Accumulating data have shown that the in situ host immune response to a tumor might determine the tumor behavior or provide clinically informative prognostic biomarkers [20] [21] [22] [23] [24] . Evidence indicates that the type, density, and location of immune cells within tumors are better predictors of patient survival than the histopathologic methods that are currently used for the staging of colorectal cancer [24] . Promising immunotherapy approaches are under investigation, and an immunological biomarker in the tumor immune microenvironment that could be integrated into future clinical trials and translational research might eventually be identified.
In this regard, we hypothesized that the state of local immune infiltration at the time of NSCLC resection might be clinically important and measureable. Approximately two-thirds of tumor stroma inflammatory cells in NSCLC are lymphocytes; among these lymphocytes, 80% are T cells [25] . The ability of the cellular immune response, as evidenced by tumor-infiltrating lymphocytes (TILs), to predict survival in patients with a variety of solid tumor types has been corroborated by clinical observation [26] [27] [28] [29] . However, the impact of the TIL patterns on the disease course of NSCLC remains to be established, and most studies are heterogeneous in terms of the disease stage (I-IV) and TIL assessment method [30] [31] [32] [33] [34] [35] [36] . As part of the pathologic workup at the University of Pittsburgh Medical Center, pathologists evaluate resected NSCLC samples for TILs [37, 38] . These pathologists attempted to examine the relationship between the number of TILs and clinical outcome in early-stage NSCLC. Higher TIL levels were associated with improved disease-free survival among patients with resected stage I disease, but these findings did not translate into a survival benefit [37, 38] .
In this study, we sought to investigate the prognostic significance of TILs, which were evaluated in routine histopathological sections, in a uniform cohort of patients with pathologic stage IIIA(N2) NSCLC after complete resection.
RESULTS

Baseline characteristics
Of the 375 patients who met the inclusion criteria, 18 patients were excluded because they were lost to follow-up. Tumor specimens from 357 patients were evaluated for TILs. For 37 patients, TILs could not be adequately assessed because permanent hematoxylin and eosin (H & E) -stained sections were not available. Therefore, 320 patients were included in the analysis; their characteristics are listed in Table 1 . In total, 135 (42%) patients were categorized as TIL+; the remaining 185 patients were defined as TIL−. As shown in Table 1 , no significant differences in the clinicopathological characteristics, including gender, age, smoking history, tumor differentiation, angiolymphatic invasion (ALI), number of nodes resected, number of nodes involved, and pathologic T stage, were observed between the two groups. The designation of TIL+ was significantly associated with the histological type (P = 0.01). The median numbers of lymph nodes that were resected and involved were 20 (range 3-67) and 4 (range 1-54), respectively, which were adopted as cut-off points. In the entire cohort (N = 320), 278 (86.9%) patients received POCT, and 34 (10.6%) patients received PORT. The use of POCT and PORT was well balanced between the two groups. Overall, 99 (73%) patients in the TIL+ group and 140 (76%) Abbreviations: TIL = tumor-infiltrating lymphocyte; SCC = squamous cell carcinoma; ALI = angiolymphatic invasion.
patients in the TIL− group received ≥ 4 cycles of POCT (P = 0.63), and 18 (13%) and 16 (9%) patients in the TIL+ and TIL−groups, respectively, received PORT (P = 0.18).
Prognostic significance of TILs
The median follow-up duration was 26.9 months (range, 4.4-101.4 months) for all patients and 30.8 months (range, 12-101.4 months) for living patients. The locoregional recurrence-free survival (LRFS) and the distant metastasis-free survival (DMFS) were compared between the TIL+ and TIL− groups. There were significant differences in the LRFS, favoring the TIL+ group (5-year LRFS 79.2% versus 63.5%, P = 0.02) ( Figure 1A ). However, the 5-year DMFS was 24% for the TIL+ group compared to 23.2% for the TIL− group (P = 0.3) ( Figure 1B ). For all patients, the median survival time (MST) was 42.5 months, and the 1-, 3-, and 5-year OS rates were 90.9%, 54.3%, and 35%, respectively. The survival curves of the four-scale TIL groups are presented in Figure S1 . For the patients in the TIL− and TIL+ groups, the MSTs were 35.7 and 45.5 months, respectively. The 1-, 3-, and 5-year OS rates were 88.6%, 49.5%, and 34%, respectively, in the TIL− group and 94.1%, 61.2%, and 35.6%, respectively, in the TIL+ group. The difference in the OS between the two groups trended toward significance (P = 0.06) (Figure 2A ). In the subgroup analysis, a trend toward a longer OS was observed in all TIL+ subgroups, but significance was only reached for the subgroups of patients with squamous cell carcinoma (SCC; P = 0.03) and ALI (P = 0.02) as well as pathologic T1 stage (P = 0.03) ( Figure 2B ).
The results of the univariate and multivariate analyses of the relationships between the examined clinicopathological variables and the OS are shown in Table 2 . In the multivariate survival analysis, male gender (HR 1.50, 95%CI 1.04-2.15, P = 0.03), poor tumor differentiation (HR 1.57, 95%CI 1.12-2.19, P = 0.008) and number of involved nodes > 4 (HR 1.72, 95%CI 1.23-2.40, P = 0.001) were independently associated with a worse OS. Among the other covariates, the designation of TIL+ was a potential positive prognostic factor (HR 0.7, 95%CI 0.5-0.98, P = 0.05).
Association of TILs with the histological type
Upon further stratification of the cases based on histological type, for patients with SCC (N = 93), the designation of TIL+ was associated with a significantly improved DMFS (3-year DMFS: 60.6% in the TIL+ group versus 42.7% in the TIL− group, P = 0.02; Figure 3B ). There were no statistically significant differences in the 3-year LRFS between the two groups, although the results regarding the LRFS showed a positive trend in the TIL+ group (P = 0.35; Figure 3A ). The 1-, 3-, and 5-year OS rates in the TIL+ group were 100%, 57.4%, and 34.4%, respectively, which were significantly higher than the respective OS rates of 84.6%, 38.9%, and 21% in the TIL− group (P = 0.03; Figure 3C ). The correlation between the TIL level and clinicopathological parameters for the 93 SCC tumors is listed in Table S1 . No significant associations were identified between the TIL density and the patient age, gender, smoking history, tumor differentiation, ALI, pathologic T stage, or number of nodes resected and involved (P > 0.05). In the multivariate analysis, the designation of TIL+ was a significant independent predictor of improved DMFS (HR 0.39, 95%CI 0.17-0.87, P = 0.02). Among the other clinicopathological covariates, TILs had an independent positive prognostic impact on the OS (HR 0.47, 95%CI 0.22-1.00, P = 0.05; Table 3 ).
DISCUSSION
We present a large-scale study that used routine histopathological analysis to investigate the prognostic role of TILs in this population with completely resected pathologic stage IIIA(N2) NSCLC. Overall, our cohort exhibited a better postoperative survival outcome (5-year OS, 35%) than the corresponding historical controls [7] [8] [9] [10] [11] . This slightly improved survival might be secondary to more stringent patient selection because a homogeneous group of patients who received complete resection and systematic nodal assessment was selected in our study, providing a relatively uniform clinical background.
We observed a spectrum of TIL staining intensity in the surgically resected stage pN2 NSCLC primary tumor samples, and 42% of which were designated as TIL+ (high TIL infiltration). The proportion of TIL+ patients in our population was consistent with two other studies of early-stage NSCLC [37, 38] that used the same TIL scoring scale, suggesting that TIL infiltration is common in stage IIIA(N2) disease. It was shown that the proportion of TIL+ patients differed between the histological types of NSCLC as follows: TIL+ was more frequent in adenocarcinoma (ADC) patients than in SCC patients, whereas the designation of TIL+ was not associated with the gender, degree of tumor differentiation, or ALI, as has been reported by others [34, 35, 38] . The association between TILs and the histological type was consistent with the observation that in stage III NSCLC, ADC was associated with the highest lymphoid index in the cancer stroma [33] . Another study on NSCLC reported a higher frequency of TIL infiltration within cancer nests in SCC compared to in ADC, but the opposite association was demonstrated for TIL infiltration into the cancer stroma [35] . The difference in the extent of TIL infiltration between the histological types of NSCLC may be due to the heterogeneous tumor antigenicity and/or local environment of each tumor type. However, these findings should be considered and validated in future studies on TILs. Our data indicated that a high level of TILs in resected NSCLC specimens was associated with improved survival in patients with pathologic stage IIIA(N2) disease after complete resection, suggesting that the majority of patients with a high number of TILs in their primary tumor have had a relatively strong immune reaction against the tumor and, hence, have a better prognosis. This result was consistent with some other studies [26-29, 32, 36-38] . Accumulating data indicate that TIL infiltration in NSCLC is predominantly within the cancer stroma and that the immune response is maximal in the peritumor area [33, 36] . In a study of stage III NSCLC, Lee at al. [33] found that the accumulation of lymphoid cells in the tumor stroma was independently associated with a favorable prognosis. Previously, two studies from the Pittsburgh Medical Center found that a higher level of TILs was associated with improved recurrencefree survival in patients with stage I NSCLC, but these findings did not translate into a significant survival benefit [37, 38] . We reported that a higher density of TILs was Abbreviations: OS = overall survival; MST = median survival time; HR = hazard ratio; CI = confidence interval; TIL = tumorinfiltrating lymphocyte; SCC = squamous cell carcinoma; ALI = angiolymphatic invasion. www.impactjournals.com/oncotarget associated with an improved LRFS (P = 0.02) and that there was a tendency of an improved postoperative survival time in the TIL+ group (P = 0.06). This finding of the prognostic significance of TIL+ on local regional tumor control for patients with pN2 disease after complete resection has not been reported in other studies. Actually, the identification of local immunological factors (TIL+) as low-risk prognostic factors for LRF was an important clinical finding that merits and deserves further attention. The lack of a strong association between the degree of TILs and patient survival might reflect the complexity of the in situ host immune response to NSCLC. TILs are a heterogeneous group of cells with different functions and additional factors in the tumor microenvironment may regulate the functions of TILs in NSCLC [39] . Moreover, interesting results and further studies in all stages of disease seem warranted. Given the functional heterogeneity of TILs, it is intriguing that the density of TILs assessed by simple evaluation of H & E-stained primary lung tumor sections has prognostic value in pathologic stage N2 disease despite the lack of detailed information on the TIL subpopulations. These results have several important implications. First, TIL-high NSCLC may define tumors that are more immunogenic, and a study on a single immune subset may have limited value. Low or absent Treg infiltration may indicate that tumors are disregarded by the immune system, while high Treg in tumors may signal an active, but unsuccessful, attempt at tumor rejection. Second, TIL-high and TIL-low NSCLC may each reflect a distinct tumor cell biology that likely has markedly different susceptibility to immunotherapy. Finally, further evidence is needed to assess the clinical importance of the dynamics of TIL subpopulations and to establish an immune score in NSCLC that would have prognostic and predictive value in clinical decision-making.
By further stratifying the cases based on the histological type, we found that the higher OS and DMFS associated with the TIL+ group were statistically significant in the SCC subgroup but not in the ADC subgroup. These findings suggest that the prognostic effect of TILs might differ based on the histological type of NSCLC and indicate that TILs play a unique role in SCC. Similarly, Ruffiniet al. found that the presence of TILs is significantly correlated with improved survival among SCC patients, particularly among those with stage I tumors [34] . A similar result was reported by AlShibli and associates, who indicated that stromal CD4+ and CD8+ T lymphocytes were significantly correlated with improved disease-specific survival of NSCLC and that this correlation was limited to SCC [32] . The reasons for this observation are not completely clear. To provide additional evidence supporting the relationship between TILs and histological characteristics, Yoshino and associates examined the phenotypic characteristics of TILs that were freshly isolated from various histological types of lung cancer [40] . They demonstrated differences in the phenotypic characteristics of TILs between ADC and SCC, suggesting that the type of anti-tumor immune response might be different between the histological types of NSCLC. Another finding from a recent study indicated that regulatory T lymphocytes (Tregs), which are known to have host immunosuppressive effects in many solid tumors, are present and significantly enriched in NSCLC patients with ADC compared to those with SCC, which partially confirms that histological characteristics are related to the TIL immune response [41] . We acknowledge that more precise and objective results would be generated if we take into account the high heterogeneity of lung adenocarcinoma and the molecular characterization of this type. Thus, our findings are preliminary, and further study is warranted to confirm them. Notably, the results, which suggest that there are different immunological characteristics between SCC and non-SCC NSCLC patients, have led to further discussions about the response of squamous and non-squamous NSCLC patients to immunotherapeutic agents. Recent clinical data suggest that ipilimumab, administered as first-line treatment, allows for greater improvement for patients in the squamous NSCLC subgroup than for those in the nonsquamous NSCLC subgroup [42, 43] . Indeed, additional options for combatting squamous NSCLC are urgently needed [44] . The concept that these immunological characteristics differentially predict susceptibility to immunotherapy and then help individualize adjuvant therapy in the setting of completely resected stage IIIA(N2) NSCLC will be important, clinically relevant questions to address in the near future.
It should be mentioned that our findings are preliminary and that there are limitations to this study. First, given the retrospective nature of this analysis, we cannot prove a direct causal relationship between Abbreviations: DMFS = distant metastasis free survival; OS = overall survival; TIL = tumor-infiltrating lymphocyte; ALI = angiolymphatic invasion; HR = hazard ratio; CI = confidence interval.
a high TIL level and prolonged survival. However, this link is highly plausible for the following reason. Although the two populations were not well balanced in terms of the histological type, potential differences in the prognostic factors were corrected in the statistical comparisons. According to the multivariate analysis, the TIL density level was independently associated with an improved OS, even after adjusting for other significant clinicopathological factors, including the histological type. In the SCC subgroup, the correlations between TIL+ and other significant factors were tested, and no significant associations were identified between the density of TILs and other clinicopathological factors. In addition, multivariate analysis was performed to generate further evidence. Second, the semi-quantitative nature of the TIL scoring scale, which is considered to be easy to follow and reproducible in routine pathologic practice, represents a weakness of the present study. There are no currently established thresholds for TILs in NSCLC.
The threshold for clinical decisions can be determined once a solid methodology with clinical utility is in place. Therefore, the reproducibility and reliability of this TIL scoring system need to be confirmed in a separate study before it is applied to clinical practice. Third, we focused on the degree of lymphocytic infiltration, which was assessed by the simple evaluation of H & E-stained tumor sections. Given the functional heterogeneity of intratumoral lymphocytes, the analysis of TIL density as a whole might not be sufficient. Thus, further study on the immune subpopulations in the infiltrate is ongoing to establish an immune score that incorporates important immune cell subpopulations. Finally, although our preliminary findings suggested a potential prognostic role of TILs in completely resected stage IIIA(N2) disease and indicated a crucial role of TILs in SCC, they did not provide information about the predictive value of TILs for the therapeutic response. Determining whether the state of the local host immune reaction to the primary NSCLC tumor predicts the therapeutic response, especially the response to immunotherapeutic approaches, is of paramount importance for clinical management, and further investigation is warranted. In summary, routine histopathological assessment and semi-quantitative scoring of the in situ TIL intensity provided clinically meaningful prognostic information for patients with completely resected stage IIIA(N2) NSCLC. The close examination of patients with the SCC histological type revealed that the beneficial effects of TILs were even more pronounced for predicting the DMFS and the OS. Therefore, studies assessing the outcomes and therapeutic efficacies in prospective clinical trials should consider stratifying patients based on the level of TILs.
MATERIALS AND METHODS
All consecutive patients with pathologic stage IIIA(N2) NSCLC who had undergone complete resection at our institution between January 2005 and June 2012 were retrospectively reviewed. The eligibility criteria for this study were as follows: complete resection through a surgical procedure of either lobectomy or pneumonectomy; systematic node dissection or sampling (a minimum of three N2 stations sampled or complete lymph node dissection) [2] ; microscopically tumor-free resection margins; histologically proven stage pT1-3N2M0 NSCLC (according to the TNM classification in the UICC 7th ed. [45] ); and postoperative follow-up duration ≥ 4 months. We included patients who received POCT and/or PORT. Patients who underwent wedge resection, received neoadjuvant therapy (chemotherapy and/or radiotherapy), and/or previously presented with malignancies were excluded. Clinicopathological data, including the age, gender, smoking history, histological type, tumor differentiation, ALI, pathologic T stage, and number of lymph nodes resected and involved, were retrieved from the case history and routine pathologic reports. All pathologic characteristics were reported by qualified specialized pathologists at our institution. Smoking history was categorized as never/light exsmoker (< 100 cigarettes in their lifetime or smoked ≤ 10 pack-years and stopped ≥ 15 years ago) and current/ heavy ex-smoker. This study was approved by the institutional review board of our institution.
Permanent full-face H & E -stained sections from surgical specimens from each case were retrieved from the pathology archives and evaluated for TILs. The evaluation of TILs was performed according to the TIL scoring scale that was previously described and published by the University of Pittsburgh Medical Center [37, 38] . The degree of lymphocyte infiltration into the tumor was scored as none (score 0), low (score 1), moderate (score 2), or high (score 3) (Figure 4 ). Low lymphocyte infiltration corresponds to the scattered presence of lymphocytes within the stroma of surrounding cancer nests; moderate lymphocyte infiltration corresponds to the modest presence of lymphocytes in the stroma without tumor nest permeation; and high lymphocyte infiltration denotes an intense or marked presence of lymphocytes in the stroma as well as the insertion of lymphocytes between tumor cells. Patients were stratified into the TIL− (none to low infiltration) or TIL+ group (moderate to high infiltration) based on pathologic evaluation. For each case, the H & E-stained primary lung tumor sections were evaluated for TILs using a magnification of ×100; a minimum of 5 independent fields were evaluated. Those selected fields were considered to be representative of the TIL density in the primary lung tumor block. For evaluating TILs, the boundaries of the invasive tumor were identified and all TILs within the tumor boundaries were scored together as stromal TILs. TILs in areas with crush artifacts, necrosis, and inflammation sites were not scored. In tumors that were heterogeneous in the TIL density in a single tumor section, we evaluated different regions and reported the average level. In cases of disagreement, all sections from the surgical specimen were reexamined to reach a consensus evaluation. Each H & E-stained section was anonymized and independently scored by two expert academic pathologists (L.Y. and S.L.) who were blinded to the clinical characteristics and outcome. A total of 20 randomly selected cases from the total cohort were used to assess the intraobserver and interobserver variation. The Spearman's correlation coefficient between the two pathologists for evaluating TILs was 0.87 (P < 0.001).
The patients were generally followed every 3 months after surgery for the first 2 years and every 6-12 months thereafter. The standard follow-up evaluations included clinical assessments, chest CT scans, and ultrasound or CT of the abdomen. Treatment failure was determined by the treating physician based on the available information, including clinical assessments, imaging studies and/or pathology reports. Disease recurrence at the surgical margin, ipsilateral hilum, and/or mediastinum was considered localregional failure (LRF). All other sites of failure, including the supraclavicular zone, contralateral hilum and distant organs, were considered distant metastasis [46] .
Comparisons of the categorical variables between the TIL− and TIL+ groups were performed using the Chi-square test. The OS was defined as the time from surgery to the date of death or date of the last follow-up. The LRFS was defined from the date of surgery to the date of documented LRF or the last follow-up. The DMFS was defined as the time from surgery to the date of distant metastasis or the last follow-up. The LRFS, DMFS and OS probabilities were estimated using the Kaplan-Meier method, and the significance of these results was assessed using the log-rank test. Multivariable Cox proportional hazard models (backward conditional stepwise) were used to adjust for differing risk factor distributions between the groups. Statistical analysis was performed using SPSS (version 20.0, SPSS Inc., Chicago, IL). A value of P < 0.05 was considered statistically significant. 
